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A number of  unknown fevers  were  encountered in  the  Rocky Mountain region  be- 
ginning  about 1850  when this  part  of  the  country  was  first  being  explored  and  settled. 
Late  in  the 19th century Rocky Mountain spotted  fever  emerged from this  welter  of 
confusing  fevers  as  a  distinct  clinical  entity.  Many physicians  soon  came  to  recognize 
a  mild,  non-exanthemie  disease  of  short  duration  which  they  called  tick  fever,  mountain 
fever,  and  mountain  tick  fever. The opinion  was  often  expressed  by  these  physicians 
that  this  disease  was  a mild,  non-exanthemic  form  of  Rocky Mountain spotted  fever. 
Toomey (I)  in  1931  reviewed  the  literature,  calling  the  disease  American  mountain  tick 
fever.  However, Becker (2) in 1930 first  recognized the condition  as a separate 
clinical  entity  and  gave  it  the  name Colorado  tick  fever.  His  is  the  first  clear  descrip- 
tion  of  the  disease  as  it  occurs  in  this  part  of  the  Rocky Mountain region.  The  name 
is  misleading,  however, since  it  is  known to  occur  in  the  same western area  as  Rocky 
Mountain spotted  fever.  It  is  recognized  more  frequently  in  Colorado  because much 
more interest  has  been  stimulated  locally  by  the  work of  Becker (2)  and by  Topping, 
Cullyford, and Davis (3). 
Description of the Disease.--Colorado  tick fever is a mild, non-fatal infection of un- 
known etiology closely resembling dengue fever except for the absence of a skin erup- 
tion. 
Prodromata are lacking as the disease has a sudden onset ushered in by chilly sensa- 
tions.  Headache; backache, particularly in the lumbar region; generalized aching of 
the whole body, especially in the muscle and tendon insertions about the joints; and 
deep ocular pain with a mild photophobia are the other prominent symptoms.  Ano- 
rexia with nausea and occasionally  vomiting are also characteristic.  With the onset of 
symptoms there is a  rapid rise in temperature usually not exceeding 39.5°C. with a 
corresponding increase in  the pulse rate.  This  train of symptoms usually lasts 24 
to 72 hours, after which the temperature and pulse rate rapidly return to normal with 
a complete disappearance of all symptoms.  The patient feels well for 24 to 60 hours 
during which time the temperature is usually subnormal.  The individual can resume 
normal activity during this period.  The second attack is like the first except that it 
may  last  12  to  24  hours  longer.  The  symptoms  and  fever  are  usually  not  as 
pronounced unless the first attack has been mild, in which case the second episode is 
more severe than the first.  Single and triple attacks are occasionally reported.  With 
the rapid disappearance of fever and symptoms, the patient feels quite well except for 
4 or 5 days of mild lassitude.  Generally, normal activity can be resumed immediately 
after the disappearance of symptoms. 
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Physical findings are conspicuous by their absence.  Fever, increased pulse rate, 
and an occasional mild conjunctivitis are the only positive findings.  Exanthemata 
are never observed.  Treatment is purely symptomatic.  A study of the blood reveals 
a  consistently lowered white blood cell count.  Complications or deaths have never 
been reported. 
Tables I and II and Text-fig. 1 present the salient features of the disease as we have 
observed them in the naturally acquired infection. 
The only disease to our knowledge that Colorado tick fever could be confused with 
is dengue fever.  The symptoms are identical but less severe in the former.  Dengue 
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fever is unknown in this part of the United States, unless indeed we are dealing with a 
tick-borne variety of this disease.  The  symptoms are also very much like those of 
influenza.  However, influenza  does not have the characteristic remission followed by 
a second attack practically invariably seen in Colorado tick fever. 
Ep~emlology.--The evidence for transmission of Colorado tick fever by the wood 
tick, Dermacentor andersoni, is circumstantial in character and based on the following 
evidence  :--The disease is recognized only in those parts of the West in which this tick 
is found.  It occurs in the spring and early summer when this arthropod is active. 
Every individual who has developed the disease had just previously been in a  tick- 
infested area.  In most cases a tick or ticks are found on the body.  Topping, Cully- 
ford, and Davis (3) after careful investigation of this subject came to the conclusion 
that tick bite was the only factor common to all cases.  Becker (2) previously reached 
the same conclusion.  It was the only common factor in our own series  of  cases  of L.  ]?LORIO~ M.  O.  STEWART~ AND  E.  R.  MUGRAGE 
TABLE II 
Hematological Findings in Natural Cases of Colorado Tick Fever 
(Differential counts of 300 white cells) 
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No. 
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naturally acquired disease.  The incubation period is difficult to determine since it is 
impossible to know when the individual was actually bitten by the tick, but it seems to 
be 4 to 5 days. 
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TExY-FIo. 1.  Fever curves of natural cases of Colorado tick fever. 
Experimental Transmission of the Disease to Human Volunteers 
Topping,  Cullyford, and  Davis  (3),  as well as Becket  (2),  were  unable  to 
transmit the disease to any of the common laboratory animals.  We  decided 
to try transmission experiments with human volunteers.  The negative results 
on experimental animals gave no clue as to where the infectious agent  might 
be found,  if it could be found at all. 
The technique  that was followed was uniform in every case but one (No. 27).  Blood was 
drawn either during the first or second rise in temperature, allowed to clot, and the serum re- 
moved.  In most instances this serum was kept frozen in the ice compartment of an electric 
refrigerator until the time of use.  After thawing, 4 ce. were injected subcutaneously between 
the scapulae  of a volunteer.  The  history and physical findings in every case of successful 
infection are depicted in Table III and Text-fig. 2. 
Only  one  volunteer  in  our  transmission  experiments  failed  to  develop 
Colorado tick fever on injection with two known infective sera and this  case 
is not included in the charts.  This individual does not recall having any illness 
that might resemble Colorado tick fever, but he has lived in a  highly endemic 
area for many years. 
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infection as a  comparison of the data on these two groups of cases (all whites) 
show; this despite the fact that the 4 cc. inoculum may actually represent many 
TABLE III 
History and Physical Findings in Experimental Cases of Colorado Tick Fever 
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* The naturally acquired cases are arbitrarily numbered from 1 through 10 and the arti- 
ficially acquired disease from 26 through  39.  The gap between the two groups  does not 
represent  unreported  cases. 
All infective serum used was taken during the first attack except the specimens from cases 
2 and 36 which were taken during the second rise in temperature. 
minimal infective doses.  The limited number of volunteers precluded work 
on this point. 
Volunteer 27  is  the  only individual in either  series  with a  single  attack. 
We observed no cases with two remissions and three attacks. 
Successive human to human transfers did not result in any apparent change 
in the character or virulence of the infection.  This sequence of transfers is 
shown in Text-fig. 3. 38- 
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TEXT-FIG.  2.  Fever curves of experimental cases of Colorado tick fever. 
Naturally acquired case  ]  Naturally acquired case 
Case 1  [  Case 2 
I 
Volunteer 26 
I 
Volunteer 28 
I 
Volunteer 27 
J 
Volunteers29  []  30  [ 
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Volunteer 31  [ 
I 
Volunteer 32  [ 
I 
Volunteer 33  [ 
TExT-FIG. 3.  Successive  human to human transfers.* 
* Sera from volunteers 27 and 28 were mixed, 3 parts and 1 part respectively, in order to 
provide enough material to inject into several volunteers. 
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The incubation period throughout the whole experimental series varied be- 
tween 3 and 5 days, except for a  10 day period in one case (No. 37). 
Hematological Studies 
In the only reference to the white blood cell picture in the literature, Topping, 
Cnllyford, and Davis  (3)  report a  consistent reduction of total white blood 
ceils without any decided shift in cell distribution.  Without exception, our 
cases have all shown this characteristic reduction in the total white blood cell 
count.  However, we observed a  decided shift in cell distribution. 
A white blood cell and a differential count were done on each of the 13 ex- 
perimental cases at the time of inoculation and daily after the onset of symp- 
toms.  This is depicted in Table IV.  With the beginning of symptoms the 
total white blood cell count began to drop and reached a low point of approxi- 
mately  2,000 cells per  c.  mm.  at the beginning of the  second attack.  The 
total leucocyte count then slowly increased but did not return to normal for 
5 to 7 days after clinical recovery.  Volunteer 31 developed an upper respira- 
tory infection  during  the  remission.  His  total  leucocyte count  showed  an 
immediate increase. 
Blood smears were stained with Wright's stain and a  Schilling hemogram 
made on 300 cells.  With  the drop in the total leucocyte count there were also 
changes in the hemogram.  Although there were  individual variations in the 
relative values of the polymorphonuclear neutrophils,  every case showed an 
absolute decrease in the total number of these cells.  This continued during 
the course of the disease and until the white blood cell count returned to normal. 
There was  always  a  definite shift  to  the  left.  In  some instances  the band 
forms outnumbered the segmenters. 
The  lymphocytes  showed  similar  variations  in  the  relative  values  and 
likewise  an  absolute  decrease  in  total  numbers.  During  the  disease  these 
cells were typical small lymphocytes, but as the total leucocyte count began 
to rise following clinical recovery, a few large atypical cells appeared which we 
considered to be prolymphocytes.  With  the increase in  the  total leucocyte 
count,  the  number  of lymphocytes increased more rapidly than  the  granu- 
locytes. 
On  the 3rd  or 4th  day following  clinical  recovery the  majority of cases 
showed an occasional large lymphocyte with basophilic staining bodies in the 
cytoplasm. 
These  lymphocytes were  normal  in  appearance  without  any  evidence of 
nuclear disintegration.  In the transparent,  light blue cytoplasm were found 
2 to 8 sharply outlined bodies (Fig. 1).  Usually they were round averaging 0.5 
micron in diameter with one body measuring 1.6 micra.  Occasionally the struc- 
tures were oval, the average measuring 0.4 by 0.54 micron.  They occurred singly 
and  in  pairs.  These  bodies  looked like  and  stained  like  nuclear  material. 172  TRANSMISSION  OF  COLORADO  TICK  FEVER 
TABLE IV 
Hematological Findings in Experimental Cases of Colorado Tick Fever 
(Differential counts of 300 white cells) 
Case 
No. 
26  At time of 
injection 
Days after 
injection 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
27  At time of 
injection 
Days after 
injection 
3 
4 
5 
6 
7 
8 
9 
10 
12 
28  At time of 
injection 
Days after 
injection 
4 
5 
6 
7 
8 
Total  Band  Segmenters  granulo-  forms  cytes 
per cent  per cent  per cenl 
50  7  43 
74  20  54 
70  24  46 
41  17  24 
40  15  25 
72  26  46 
31  12  19 
32  17  15 
41  15  26 
25  10  15 
32  14  18 
53  5  48 
83  22  61 
41  18  23 
41  17  24 
47  22  25 
69  35  34 
34  19  15 
35  9  26 
37  17  20 
60  14  46 
67  1  66 
70  18  52 
66  27  39 
52  27  25 
62  24  38 
70  29  41 
Mono-  Eosino- 
__cytes  __phils  __ 
per cent Iper cent [ 
4 
4 
11 
10 
8 
8 
6 
9 
9 
6 
6 
5 
6 
11 
15  1 
14 
12 
18 
3  3 
10  1 
6  1 
9  1 
16  1 
10 
8  2 
9 
9 
Baso  o 
phils 
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TABLE  IV--Continued 
Case 
No. 
28  Days after 
cont.  injection 
9 
10 
11 
12 
13 
14 
15 
29  At time of 
injection 
Days after 
injection 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
30  At time of 
injection 
Days after 
injection 
5 
6 
7 
8 
9 
Total  ]]and 
granulo-  forms  Segmenters 
cytes 
per cent  per cent  per cent 
45  22  23 
45  22  23 
41  14  27 
48  10  38 
46  4  42 
50  1  49 
52  3  49 
57  2  55 
62  4  58 
70  11  59 
45  20  25 
41  20  21 
47  22  25 
51  32  19 
56  37  19 
43  28  15 
47  31  16 
27  9  18 
48  13  35 
45  6  39 
51  7  44 
45  3  42 
52  1  51 
52  20  32 
35  13  22 
40  17  23 
55  30  25 
34  13  21 
Ba$o- 
pMIs 
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TABLE IV--Congnued 
C~se 
No. 
30  Days after 
con~.  injection 
10 
11 
12 
13 
14 
15 
31  At time of 
injection 
Days after 
injection 
3 
4 
5 
6 
7 
8 
i  :  9 
10 
Leuco- 
cytes in 
thousands 
per c.mm. 
2.30 
3.40 
4.95 
5.90 
5.40 
6.20 
7.90 
5.55 
5.40 
7.95 
8.50 
4.55 
4.00 
3.60 
4.80 
32 
33 
11  I  5.15 
:  13  I  6.35 
14  5.70 
At ,time of 
injection 
Days after 
injection 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
At time of 
injection 
8.30 
4.75 
5.90 
4.55 
3.75 
3.40 
2.45 
2.90 
4.00 
5.00 
5:80 
8.40 
Total  Band  Lym-  Mono- 
granulo-  Segmenters  pho-  cytes 
cytes  forms  cytes 
per cent  percent  per cen~  percent  percent 
30  13  17 
32  10  22 
37  7  30 
41  4  37 
50  3  47 
48  1  47 
62  3  59 
79  14  65 
69  21  48 
58  21  37 
68  22  46 
77  32  45 
63  33  30 
58  23  35 
57  18  39 
53  13  40 
55  5  50 
47  3  44 
51  2  49 
75  14  61 
70  23  47 
60  18  42 
75  23  52 
71  32  39 
71  30  41 
60  23  37 
52  15  37 
51  9  42 
39  2  37 
63  7  56 
60  9 
63  3 
55  6 
55  3 
45  4 
45  6 
24  11 
14  6 
20  11 
30  12 
24  7 
17  6 
32  5 
34  7 
36  6 
4O  5 
36  7 
45  7 
4O  7 
14  8 
2O  9 
32  7 
20  4 
21  8 
24  4 
35  4 
42  6 
40  8 
51  8 
31  5 
Eosino-  Baso- 
phils  phils 
per cent  per ¢¢n 
1 
2 
2 
1 
1 
1 
2  1 
1 
I 
1 
1 
I  1 
2 
1 
1  1 
2  1 
1 
1 
1 
1 
1 
1 
1  I 
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TABLE IV--Co~inued 
Case 
No. 
33  Days after 
cont.  injection 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
34  At time of 
injection 
Days after 
injection 
3 
4 
5 
6 
7 
8 
9 
12 
35  At time of 
injection 
Days after 
injection 
4 
5 
6 
7 
8 
10 
11 
12 
14 
36  At time of 
injection 
Leuco  o 
cytes  in 
thousands 
per c.mm. 
4.75 
4.00 
2.70 
3.25 
2.80 
2.00 
3.30 
4.20 
3.60 
5.85 
6.20 
6.00 
4.00 
3.50 
4.30 
2.30 
1.70 
1.85 
2.20 
5.40 
7.00 
6.20 
3.90 
2.65 
2.70 
3.53 
2.55 
3.00 
4.55 
5.40 
6.90 
Total 
granulo- Band  forms  Segmenters 
cytes 
per cent  per cent  per cent 
81  11  70 
76  30  46 
58  29  29 
67  20  47 
78  35  43 
76  35  41 
58  27  31 
55  16  39 
45  13  32 
44  7  37 
53  4  49 
49  1  48 
69  21  48 
54  30  24 
53  29  24 
39  19  20 
51  30  21 
25  17  8 
45  15  30 
41  9  32 
65  3  62 
78  6  72 
59  19  40 
34  17  17 
35  9  26 
48  11  37 
29  20  9 
34  16  18 
36  12  24 
50  5  45 
55  7  48 
12  5 
22  1 
39  2 
30  3 
21  1 
20  4 
37  5 
39  5 
49  6 
52  3 
40  5 
45  6 
16  14 
37  9 
36  11 
46  14 
31  18 
59  14 
43  10 
51  6 
30  3 
13  7 
23  15 
54  10 
53  10 
43  8 
58  11 
57  6 
57  5 
42  6 
41  3 
Eosiz  Baso- 
phil  phils 
per c¢  per cent 
1  1 
1 
1 
1 
1 
1  i 
1 
1 
1  1 
2 
1  1 
2 
1  1 
2  1 
1  1 
2 
1 
2 
3 
2 
2 
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TABLE IV--Conduded 
Case 
No. 
36  Days after 
Cont.  injection 
4 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
37  At time of 
injection 
Days after 
injection 
10 
11 
12 
13 
14 
15 
16 
38  At time of 
injection 
Days after 
injection 
5 
6 
7 
8 
9 
10 
11 
12 
15 
Leuco- 
cytes  in 
Lhousands 
)or c.mm. 
3.40 
2.75 
2.88 
2.60 
1.20 
1.95 
2.55 
3.45 
3.60 
3.43 
3.70 
4.65 
5.60 
5.30 
2.65 
2.60 
2.53 
2.55 
4.20 
3.40 
4.45 
5.90 
5.10 
4.60 
4.35 
3.35 
2.80 
2.80 
2.45 
3.60 
5.15 
Total 
granulo-  Band  Scgmenters  forms  cytes 
per cent  per cent  per  cent 
71  18  53 
74  3O  44 
47  26  21 
59  24  35 
54  37  17 
46  34  12 
30  21  9 
31  19  12 
41  16  25 
41  13  28 
39  9  30 
50  7  43 
53  6  47 
52  8  44 
60  35  25 
39  25  14 
40  28  12 
35  24  11 
28  14  14 
26  15  11 
40  14  26 
55  3  52 
72  19  53 
60  28  32 
58  3O  28 
68  36  32 
61  35  26 
49  29  20 
51  27  24 
37  17  20 
52  8  44 
LphoYm 
Mono- Eosino-  Baso- 
per  cent  Oer  cenflper  cent [per cent 
24  3  2 
18  6  2 
49  4 
37  3  1 
38  7  1 
50  3  1 
65  5 
66  3 
54  4  1 
54  4  1 
56  3  1  1 
39  9  1  1 
41  4  2 
41  5  2 
28  12 
41  18  1  1 
44  13  2  1 
51  12  2 
63  9 
68  5  1 
50  8  1  1 
4O  4  1 
16  12 
29  11 
33  9 
26  5  1 
29  10 
41  10 
40  8  1 
54  9 
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Typical  fine  azurophilic  granules  were  sometimes  also  present.  We  have 
never seen these bodies in any other disease.  The structures seen in our study 
do not fit the description of any cytoplasmic bodies described in the literature. 
There was a slight increase in the per cent of monocytes.  In actual numbers 
they  were  normal  or  only slightly  increased. 
Eosinophils decreased in numbers or dropped out during the febrile attacks 
and no change was observed in the number of basophils. 
Text-fig. 4 depicts in toto the hematological findings in a  typical case (No. 
29) of Colorado tick fever. 
A comparison of our hematological studies on Colorado tick fever with those 
of Simmons, St. John, and Reynolds (4) on dengue fever shows a  remarkable 
similarity between these two diseases. 
Immunity to the Disease 
Volunteers 26,  27,  and 28 who had the disease 9 to 11 months previously 
each received 4  cc.  of serum by the usual technique from case 9,  a  natural 
instance of the disease.  The serum was only a  few days old and was potent 
as proven by infecting volunteers 34 and 35 at a later date.  Four days after 
inoculation volunteers 26 and 27, who had had the disease 11 months previously 
(Text-fig.  3)  developed  severe  headaches  lasting  for  several  hours.  There 
were  no  other  symptoms.  This  observation  seemed  significant  since  this 
symptom appeared exactly 4  days  after inoculation into individuals who  are 
not subject to headaches.  Volunteer 28, who had had the disease 9 months 
previously, developed no symptoms whatsoever. 
Relationship  of Colorado Tick Fever to Rocky Mountain Spotted  Fever 
There has been considerable discussion as to whether the disease is not a 
mild  form of Rocky Mountain  spotted  fever.  Toomey (1)  and  Becker  (2) 
believe that they are distinct clinical entities.  Two cases of individuals who 
had had both diseases have been brought to our attention  (5,  6).  Another 
is reported by Shaffer (7). 
In order to determine if there is any relationship between the two  diseases 
other than transmission by the same vector, we immunized 4 volunteers against 
Rocky Mountain spotted fever.  They were given Rocky Mountain  spotted 
fever ground  tick vaccinO in four 2  cc.  doses at  weekly intervals.  This  is 
twice the recommended number of doses, but we wished to achieve as  high 
a  degree of immunity as possible.  One month  following the last dose each 
volunteer was given 4 cc. of infective Colorado tick fever serum.  Three volun- 
teers (Nos. 30, 31, and 32) developed the typical disease.  They are included 
in the previous tables and figures (Tables III and IV; Text-figs. 2 and 3).  The 
x This material was obtained from Dr. R. R. Parker of the Hamilton Laboratory of the 
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fourth, at the end of the incubation period, developed a fever of 37.5°C. and a 
headache  that  lasted  only 3  hours.  This  individual has  lived all of his life 
in  a  highly endemic area,  although he  does not recall having had  Colorado 
tick fever. 
What  can be  expected of immunization against  Rocky Mountain  spotted 
fever?  Parker  (8)  has summarized the experience with this procedure.  We 
quote  S in part his  conclusions:  "Most persons vaccinated only once and in- 
fected  that  same season have sufficient protection to very definitely modify 
the course of infection and to insure recovery and more rapid convalescence. 
Full protection is apparently rather frequent against strains of relatively low 
virulence." 
In view of Parker's conclusions and the fact that we gave twice  the usual 
number  of immunizing doses,  we  would expect  complete  protection against 
Colorado tick fever if it were a  mild form of Rocky Mountain spotted  fever. 
Attempted Experimental Transmission of the Disease by Dermacentor Andersoni 
Since all the available evidence suggests that Dermacentor andersoni is the 
transmitting  agent,  we  tried  to  infect  clean  wood  ticks  with  the  causative 
agent of the disease. 
In an attempt to determine  whether  or not the causative  agent was transmitted 
directly to progeny as is the case with Rocky Mountain spotted fever and tularemia, 
12 clean adult ticks, 8 6 males and 6 females, were fed on the first two experimentally 
infected individuals  (Nos. 26 and 27).  The ticks were applied within a few hours of 
the onset of clinical symptoms, and were kept on the patients for a period of from 8 to 
9 days.  Complete engorgement of all the females had not by that time been attained. 
For the first 6 days both human subjects had no discomfort.  Mter the 6th day, how- 
ever, the feeding site became extremely painful, with radiation of pain and enlargement 
of the regional lymph nodes.  The ticks  were then removed for the comfort of the 
experimental  subjects. 
As a result of these feeding experiments, one volunteer developed a deep ulcer on the 
thigh at the feeding site.  This was healed  only with considerable  difficulty  after 
several months.  The other volunteer developed on the chest an itchy granulomatous 
lesion that oozed serum.  A course of x-ray treatment failed to bring about a cure and 
finally surgical excision was resorted  to with complete success. 
The females laid their eggs which hatched into larval ticks.  The larvae and succeed- 
ing nymphs were fed on normal guinea pigs, and the resulting adults were kept refrig- 
erated for over 4 months. 
Six ticks were then allowed to feed for a 3 day period on each of a new group of 5 
volunteers.  On 2 of these, ticks were used that had been allowed to feed on human 
beings for several days previously in the hope of activating the causative agent.  No 
By permission of the American Journal of Tropical Medicine. 
3 These ticks were laboratory bred and obtained through the courtesy of Dr. R. R. Parker 
of the Hamilton Laboratory of the NationM Institute of Health. 180  TRANSMISSION  O~'  COLORADO  TICK  FEVER 
disease developed in any volunteer.  Two of the 5 volunteers  (Nos. 34 and 35) were 
later inoculated  with infective serum  and developed typical disease. 
A sixth volunteer fed approximately  24 nymphs for a 3 day period without develop- 
ing any illness. 
The lack of success with the attempted tick transmission leaves many prob- 
leans to be solved concerning the natural mode of infection of the  ticks. 
Transmission of Colorado Tick Fever to the Golden or Syrian Hamster  (Cricetua 
auratus) 
Topping, Cullyford, and Davis (3) were unsuccessful in attempts to  transmit 
the  disease  to  guinea pigs,  monkeys,  rats,  mice,  and  rabbits,  using various 
materials and techniques.  We tried the golden hamster, developing our colony 
from 2 males and 3 females.  4 
The serum used in the experiments on the animals had been passed serially through 
several volunteers  from a natural instance  of the fever.  One-half cc. of 5 day old 
serum from volunteer  38 was injected intraperitoneally  into each of 9 hamsters.  On 
the 3rd or 4th day following the  injection,  the  anesthetized  animals  were  bled  to 
death from the heart.  A white blood cell and a differential count of 300 cells were done 
on each animal.  The technique employed is described in an accompanying paper (9). 
Usually the sera from animals in which the white blood cell count was below 5,000 ceils 
per c. mm. were pooled and injected  in  ~  co. amounts into new normal hamsters. 
This procedure  was repeated  through 7 successive groups of approximately  10 ham- 
sters each. 
Table V summarizes the white blood cell and differential counts in all the hamsters 
in this series regardless of whether  or not they were utilized for the serum pool used 
to inoculate  the next group of animals. 
we could find no reference in the literature  to the normal blood  picture of 
the  hamster.  Consequently,  we  determined  our  own normal values  on  114 
animals (9).  These findings are summarized in Table V.  It will be seen that 
the mean for the total white blood cell count in the normal group is 8,088  :i: 
1,773 leucocytes per c. ram. and that for the experimental, 4,540 ±  1,777 per 
c. nun.  The difference between these two means is  significant to the extent 
of 13 standard  deviations. 
Other  than  a  reduction in the white blood cell  count in  the experimental 
group, the difference between the means in  the white blood ceil distribution 
comparing the normal to the experimental group is not significantly different, 
using 3 standard deviations as our criterion of significance. 
In the experimental group, ceils were frequently seen that were not observed 
in the normal hamsters.  They were slightly larger than the typical lympho- 
cyte, and showed with  Wright's stain  a  round,  deep  purple  nucleus  and a 
4 The stock was obtained from Mr. Henry Bergman, Springfield~ Missouri. TABLE V 
Hematological  Findings in Groups of Hamsters Inoculated  Serially with Infedive  Colorado Tick 
Fever Sera As Compared with the Findings in Normal Animals 
Time 
after  Animal No. 
injection 
days 
3  1 
3  2 
3  3 
3  4 
4  5 
4  6 
4  7 
4  8 
4  9 
Leuco- 
--  I  cytes in  I 
nge  thousands 
__  ~  per c.mm. 
mos.  I  I 
3  4.63 
3  6.50 
3  3.65 
3  6.60 
3  1.60 
3  3.40 
3  3.60 
3  5.95 
3  4.80 
Infected .............  2-4 
Mean .............................. 
Standard deviation .................. 
Normal  ..............  2--4  ......... 
Mean ............................... 
Standard deviation  ................... 
3 
3 
3 
4 
4 
4 
3 
3 
4 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
6  2.25 
6  4.10 
6  4.25 
6  2.65 
6  5.O5 
6  5.25 
6  10.20 
6  9.55 
6  6.85 
7  4.75 
7  3.70 
7  2.65 
7  5.50 
7  3.90 
7  3.90 
7  3.75 
7  3.75 
7  6.75 
10  3.25 
10  4.10 
10  3.80 
10  4.25 
12  2.30 
12  4.00 
12  5.00 
Non-seg. 
mented 
per cent 
17 
2O 
8 
8 
6 
11 
6 
27 
7 
12.1 
7.2 
10.2 
4.1 
14 
31 
8 
9 
17 
19 
8 
18 
14 
13 
9 
9 
8 
16 
7 
12 
8 
7 
6 
9 
8 
7 
10 
7 
13 
Segmente, 
per cent 
24 
43 
18 
20 
19 
23 
24 
35 
23 
25.5 
7.9 
22.9 
8.0 
31 
2O 
15 
18 
28 
22 
24 
16 
23 
22 
16 
17 
17 
26 
14 
22 
14 
20 
21 
18 
22 
24 
19 
19 
32 
I Lympho- 
cytes 
58 
34 
72 
71 
73 
63 
68 
35 
68 
60.3 
14.2 
64.5 
10.9 
51 
45 
77 
68 
51 
52 
67 
64 
59 
64 
75 
73 
65 
56 
76 
57 
73 
64 
73 
73 
70 
69 
70 
71 
55 
Mono( 
~g 
1 
3 
2 
1 
2 
3 
2 
3 
2 
ytes  Unclassi- 
fied 
~t  per cent 
.1 
,6 
10 
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Time 
after  Animal No. 
injection 
days 
4  35 
4  36 
4  37 
4  38 
4  39 
4  40 
"4  41 
4  42 
4  43 
4  44 
4  45 
4  46 
4  47 
4  48 
4  49 
4  50 
4  51 
4  52 
4  53 
4  54 
4  55 
4  56 
4  57 
4  58 
4  59 
4  6O 
4  61 
4  62 
4  63 
4  64 
4  65 
Age 
7no$. 
12 
12 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
Leuco- 
cytes in  Non-seg-  Segmented! Lympho-  Monocytes  Unclassl-  thousands  mented  cytes  fled 
! per c.rnm. 
per cent  p~ cent  per cent  p~ cent 
3.90  8  28  63  1 
2.50  8  19  73 
4.00  10  16  72  2 
3.60  10  23  67 
3.25  15  25  60 
2.55  10  20  68  2 
4.50  20  12  67  1 
2.65  10  24  64  2 
9.05  15  23  59  3 
5.65  11  20  67  2 
7.45  9  15  74  2 
5.40  10  40  49  1 
5.45  7  17  65 
5.10  8  13  78  1 
4.55  10  15  74  1 
4.65  5  18  72  5 
4.10  14  15  70  1 
3.15  8  19  72  1 
9.05  11  18  66  5 
5.20  7  21  72 
6.30  12  25  61  2 
2.90  10  20  68  2 
3.70  9  21  69  1 
5.40  8  13  77  2 
2.85  9  28  62  1 
2.70  7  11  80  2 
2.10  8  24  62  6 
3.45  8  19  72  1 
4.55  11  22  67 
5.15  10  17  70  3 
4.00  9  15  75  1 
pergent 
11 
Infected. 
Mean 
Standard deviation 
~ormal 
Mean 
Standard deviation 
•  5  or over .... 
•  5  or over.. 
10.6 
4.3 
10.7 
4.5 
20.3 
5.3 
17.3 
5.6 
66.7 
7.8 
69.4 
10.2 
2  0.3 
1.9 
Infected ............................. 
Mean ............................... 
Standard  deviation ................... 
Normal .............................. 
Mean .............................. 
Standard deviation .................. 
No.  of animals 
65 
114 
Total  leucocytes  in 
thousands  per  c.mm. 
4.54 
1.78 
8.09 
1.77 
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narrow band of lilac-colored cytoplasm (Fig. 2).  They are probably lympho- 
cytes, the only variation being the pinkish cast to the cytoplasm which would 
suggest cells of the erythroblastic series.  Arranged in pairs in the cytoplasm 
were 4  to 8  groups of round, blue-staining bodies measuring 0.3 to 0.5 micron 
which  is  approximately the  width  of  the  cytoplasm.  The  nature  of  these 
structures  has  not  been  determined. 
The  bodies in  the  hamster  blood  cells and  those  occurring  in  the  human 
lymphocytes  are  not  directly  comparable  except  that  they  both  tended  to 
appear  in  pairs.  The  bodies  in  the  hamster  blood  stained  more  like  the 
cytoplasm of the cells whereas those appearing in the human  stained like the 
nucleus.  Furthermore  the  bodies  in  the  human  lymphocytes  were  usually 
found  during  recovery,  while  those  in  the  hamster  consistently  appeared 
during  the infection. 
We inoculated 25  animals which we merely observed, making white blood 
cell  and  differential  counts.  These  gave  results  comparable  with  those  in 
Table V.  Observation over several weeks did not  reveal any physical signs 
of illness and  none  of the animals died.  5 
In order to establish beyond any reasonable doubt that the hamsters had ac- 
tually been infected with Colorado tick fever, we carried out one further  experi- 
ment. 
The pool of hamster sera from the 7th group was proved sterile by broth and plate cultures. 
Volunteer 39 was tested intradermally on 2 occasions with normal hamster serum, and when 
these skin tests proved negative after  2 weeks' observation, she was injected by the usual 
technique with 4 cc. of the 7th hamster sera pool.  The series of passages from the naturally 
acquired infection to the injection of sera into this volunteer is shown in Text-fig. 5 which also 
records the hamster sera in each group that went to make up the pool. 
Volunteer 39 developed typical Colorado tick fever.  This is clearly demon- 
strated by comparing the case history, Text-fig. 6, and Table VI with  similar 
data previously presented. 
Case History (Volunteer 39).--Four days following the injection of 4 cc. of 1 month old 
hamster sera from the 7th animal pool, this 21 year old white female suddenly experienced 
chilly sensations, headache,  and backache.  There was a rise in temperature to 38.5°C. with 
the pulse rate not exceeding 102.  The patient also complained of a moderate photophobia. 
Physical examination was negative.  These symptoms lasted 2 days followed by a complete 
remission of 24 hours.  The second attack was like the first except that it was much more 
severe, lasting 5 days with a maximum temperature and pulse rate of 40.5°C. and 108 respec- 
tively.  At this time the patient was given 0.65 gin. of aspirin over a 3 hour period.  Nausea, 
vomiting, and anorexia, not observed in the first attack, were now prominent symptoms.  Ex- 
cept for a mild lassitude lasting 4 to 5 days the patient made a rapid, uneventful recovery. 
The cytoplasmic bodies appeared in the lymphocytes during the disease as well as during 
convalescence. 
5 A study of the histologic picture is in progress. I84  TNANSMISSIOIq OF  COLORADO TICK  FEVER 
Naturally  CaseaCquired  9  [ 
II  Volunteers  34  1135 I 
Volunteer 36  I 
Volunteer  37  I 
Volunteer  38  [ 
Hamsters 1-9  I 
Hamsters 10-15  [ 
Hamsters 19-26 
Hamsters 28-36 
Hamsters 37-42 
Hamsters 47-52 
Hamsters 56-65 
Volunteer 39 
TEXT-Fro. 5.  Sequence  of transfers from a  natural instance  of Colorado  tick fever to 
volunteers, who came down with the disease, and then through hamsters to another volunteer. L.  ~LORIO~  M.  O.  STEWART~  AND  E.  R.  MUGRAGE  185 
d3g- 
•  - 
~37~  - 
Time  in  days 
"I~xT-Fm. 6.  Fever curve in a case of Colorado tick fever acquired experimentally  from the 
hamster. 
TABLE VI 
Hematological Findings in a Case of Colorado Tick Fever Acquired Experimentally from the 
Hamster 
(Differential counts of 300 white cells) 
At time of injection 
Days after injection 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
2O 
24 
Eosino-  Basophils  phils 
per cent  per cent 
4 
5  1 
6 
7  1 
5  1 
1 
2 
1  1 
5  1 
3 
4 
4  1 
2 
2 
1 
2  1 
2  1 
This particular patient represents  the  most  severe  case  of  Colorado  tick 
fever in our series.  Whether this would have been the case had she by chance 
acquired a  natural infection, or whether this represents an increased virulence 
due to rapid animal passage, we cannot say. 186  TRANSMISSION. OF  COLORADO TICK FEVER 
With the successful passage of Colorado tick fever through hamsters it will 
now be possible to carry on experiments to determine the etiologic agent of this 
disease and whether it is related to dengue fever. 
SUMMARY AND  CONCLUSIONS 
i.  The symptoms, history of tick bite, characteristic fever curve, and white 
blood cell picture should enable the physician to make a diagnosis of Colorado 
tick fever in nearly every case. 
2.  The typical white blood cell picture is a depression of the total leucocytes 
with  a  shift  to  the  left of the  granulocytes.  Basophilic  cytoplasmic bodies 
appear occasionally in lymphocytes 3  to 4  days after clinical recovery. 
3.  The disease  can be transmitted  serially in human beings by parenteral 
injection  of blood or  serum.  Such  transfers have not resulted  in  decreased 
or increased virulence. 
4.  The  naturally  acquired  and  experimental  cases  of  Colorado  tick  fever 
are identical in their manifestations. 
5.  An attack of Colorado tick fever confers a  degree of definite immunity 
to  the  disease. 
6.  Colorado tick fever is not a  mild form of Rocky Mountain spotted fever 
since individuals immunized with ground tick vaccine against Rocky Mountain 
spotted fever are still susceptible to Colorado tick fever. 
7.  Adult Dermacentor  andersoni ticks allowed to feed on typical cases, then 
carried  through  to a  new generation and fed on susceptible adults,  failed to 
transmit the disease. 
8.  Colorado tick fever has been successfully transmitted to an experimental 
animal, the golden hamster. 
We wish to acknowledge  the assistance of Dr. H. L. Morency in cooperation  with two physi- 
cians from Boulder, Colorado, for providing us with several of our original cases of Colorado 
tick fever. 
We are grateful to all the volunteers without whose cooperation this study would not have 
been possible. 
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FIG. 1.  Cytoplasmic bodies in lymphocytes in experimental cases of Colorado tick 
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FIG. 2.  Cytoplasmic bodies in blood cell of hamster  infected with Colorado tick 
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